It has been argued that medical education lacks a specific focus on scientific skills and competencies. A recently developed compulsory introductory track on the basic principles of science in medicine was integrated into the medical curriculum at the University Medical Center in Hamburg, Germany. The curriculum of the two-week track included six lectures and six classes. All first term students of medicine participated on a mandatory basis. Data on student satisfaction were obtained in an online evaluation process. Content of the classes was reading and critical examination of scientific papers, searching and citing literature, discussion of ethical aspects in medical science and the presentation of scientific results. Lectures were held on the basic principles of the research process, types of epidemiological studies, ethical aspects in medical science and examples of scientific research in medicine. Evaluation showed high overall satisfaction among students. Our experiences and students' evaluation suggest that teaching science can be successfully implemented in the medical curriculum. This is one of the first successful implementations of teaching basic principles of science in medical curricula in Germany. We suggest to integrate different disciplines in the development and implementation process and to implement the introductory track early in the medical curriculum.
Introduction
Medicine relies on sound scientific research. Especially during the last decades, a growing importance of and a higher need for evidence based medicine (EBM) can be observed (Aronoff et al., 2010) . Still, it is argued that medical education lacks a focus on scientific skills and competencies (Pawlina, 2009; Fischer & Fabry, 2014; Spencer et al., 2008) . A recent recommendation on the development of medical education in Germany by the German Council of Science and Humanities (Wissenschaftsrat) underlines this issue. The Council recommends a longitudinal integration of basic scientific skills in the medical curricula (German Council of Science and Humanities, 2014) . Several medical faculties in Germany developed and implemented model medical degree programmes, meeting the expectations of the Council in different ways. Model medical degree programmes can be found in Berlin, Düsseldorf, Hamburg or in Hannover, among others. A core ability, among others, for future medical practitioners will be to find information, to assess the information's quality and to make evidence based decisions rather than to recall once learned facts, as knowledge in medical sciences keeps growing (Lawson Maclean et al., 2013; Grande, 2009; Smeeton, 1997) . These abilities are needed in order to integrate EBM into everyday practice. Along these lines, it has been suggested that statistical and critical thinking in medical education should become an elementary part of medical education, since a basic understanding of statistics is of growing importance in everyday medical practice (Smeeton, 1997; Siegrist & Giger, 2006) .
Results of a critical review of different US and Canadian medical school curricula show that only few of these schools offer training on basic scientific skills and competencies during the clinical years and that this situation has not changed much since the 1980's (Spencer et al., 2008) . "Exposure to basic science principles and appreciation for translational research are important to maintain the science of medicine, supporting a paradigm of integrative medical education" (Spencer et al., 2008: p. 663 ). Thus, a profound knowledge of science and basic scientific principles must form a basis of any curriculum of medicine (Grande, 2009; Norman, 2009) . There is more to a good physician than being a professional in healthcare and an advocate of the patient's health: a good physician should also be a good scholar, as it has been proposed in the CanMEDS framework of the Royal College of Physicians and Surgeons in Canada (van der Lee et al., 2013) .
Moreover, it has been suggested that training in scientific research and research skills might help to improve the likelihood of pursuing a scientific career (Stallmach et al., 2011; Houlden et al., 2004; Fang & Meyer, 2003; Beck & Depew, 2001) .
At the University Medical Center in Hamburg (Germany), a new medical curriculum ("iMed Hamburg") was developed, which officially started with the beginning of the winter term 2012. This newly designed curriculum offered the opportunity to implement a stronger focus on research and scientific methods in medicine throughout the course of studies. A new aspect in this curriculum is a mandatory research thesis at the end of the 10th term. This thesis is the endpoint of a chain of scientific modules, which are integrated longitudinally into the new curriculum. The first of these modules is a compulsory two-week introductory track on the basic principles of science, which every medical student in the first semester has to attend. During the further course of studies, students have the opportunity to select between different compulsory tracks. Main goal of our article is a detailed description of the development, implementation and evaluation of this introductory track.
Description of the Project

Development of the Introductory Track
In the newly designed and developed medical curriculum in Hamburg, every term is divided into three modules. The two-week introductory track into basic principles of science is placed in the middle of the first term, between the first and the third module. Likewise all other courses and classes in the iMed medical curriculum, participation is mandatory for all first-year medical students (about 380 students per year; each cohort is divided in 19 study groups of about 20 students each).
The track was developed by a working group of scientists and physicians from different departments of the medical faculty (Anatomy, Biochemistry, Endocrinology, General Medicine, Legal Medicine, Medical Psychology, Medical Sociology, Neurophysiology, Occupational Medicine, Radio-Oncology, Tumour Biology) over the course of almost 2 years, mainly organized and coordinated by the authors. Based on consensus decision-making with all participants, an agreement on those basic principles of science in medicine was reached, that were to be integrated into the newly designed track. Basic principles included scientific theory and the research process, different types of epidemiological studies, ethics in medical science and finding, citing and critical appraisal of scientific publications. These principles were then translated into general learning objectives (see Table 1 and Table 2 ). Based on these learning objectives, lectures and classes were developed and then integrated into the track. Each of the lectures and classes was coordinated by a specialist with experience in the field, who also developed and compiled the respective materials such as presentations and articles or references. These specialists also organized trainings of the lecturers, which were held in the course of preliminary meetings. The materials were distributed among all lecturers in advance. By doing so, quality standards regarding the contents and the teaching of the classes were assured.
In order to foster interaction between students and lecturers, each study group was led by one lecturer throughout the two weeks. 19 lecturers from different departments were trained in order to teach the classes. 
60
Ethics in medicine …describe ethical aspects in medicine. …explain the relevance of moral standards such as "primum non nocere". 60
Research in medicine …assess the relevance of research in medicine. …describe an example of actual research in medicine. 60 Table 2 . Classes in the introductory track.
Classes Learning objectives (examples) Students are able to…
Length (min.)
Literature research I …differentiate forms of scientific publication. …explain the relevance of literature research in science. …name rules of citation.
90
Literature research II …handle literature data-bases, …search and identify relevant literature. …apply different research strategies.
180
Scientific reading …describe the structure of scientific papers. …explain key terms such as randomisation, blinding and publication bias. 180
Ethics in science and medicine …discuss ethical aspects in medical science and practice. 90
Scientific presentation …explain the structure of a scientific presentation. …name criteria of a sound presentation. 135
Journal club …outline the main findings of a scientific paper. …present the background of a scientific paper. 180
Lectures were held by specialists in the respective field. The final curriculum included 6 lectures and 6 classes, summing up to 29 teaching units of 45 minutes. Additionally, a lecture as an introduction to the track (90 minutes) was held and a presentation of all further topics in the compulsory modules, from which students are able to choose in the further course of studies (180 minutes). Each track was given the chance to present its topics and to promote its subjects. Also, free study and preparation time was included in the curriculum. The introductory track was finished with a multiple choice exam. The exam comprised 20 questions and lasted 30 minutes and it was developed based on the learning objectives (see as examples in Table 1 and Table 2 ). All lecturers participating in the development of the track had the opportunity to develop questions for the exam, which were then selected by the coordinators of the track based on their quality and applicability. Table 1 and Table 2 present a short overview over the objectives of the lectures and classes included in this introductory track.
Content of the Introductory Track
The first lecture in the two-week track was on scientific theories and basic principles of the research process. Here, basic ideas of scientific thinking were introduced and important theoretical approaches were illustrated, such as the falsification principle, the principles of induction and deduction and the concept of causality. Furthermore, the research process, beginning with the development of a research question, the development and testing of hypotheses and the dissemination and utilisation of the results, was pointed out to the students.
We also included two lectures on different study designs in epidemiology and medicine. The first lecture included a short introduction of the history and a definition of epidemiology. In this lecture, two important types of observational studies including their advantages and disadvantages were discussed: the cohort study and the case-control study. The second lecture focused on clinical trials and evidence based medicine. After the introduction of key terms such as confounding, randomisation and blinding, the design of randomised controlled trials and examples were presented. Emphasis was put on the introduction of central ideas behind evidence based medicine.
As science in medicine is confronted with ethical problems, two lectures on the topic were included in the curriculum. A lecture on ethics in medicine discussed the importance of moral and ethical standards in medicine, on the background of the historic development of medicine. A lecture on ethics in science discussed the value of standards in science, especially in medical science. By showing examples of fallacy, scientific misconduct and plagiarism, the importance of ethical standards in medical science was demonstrated. Based on these examples possible ways for securing standards and preventing fallacy and plagiarism in science were discussed.
These two lectures were accompanied by a class, in which students had the opportunity to discuss ethical questions. Therefore, introductory theses on ethical issues were presented and then openly discussed by the students, as for example: "It is not possible to maintain the principle of non-maleficence in medicine when dealing with human experiments in medical research."
A lecture on "scientific research in medicine" was integrated in order to present highlights from clinical and preclinical research. In this lecture, outstanding scientists and researchers from various departments of the medical school get the opportunity to present their work, in order to illustrate the value and the attraction of research in medicine. For example in the winter term 2015/16 a colleague from the institute of systems neuroscience presented his research on chronic headache and migrane.
Two classes focussed on literature search. In the first class, the basics of literature search were taught. In addition, the principle of citation and correct ways of citing were demonstrated. Moreover, the importance of citation in science was discussed. The second class in collaboration with the medical library demonstrated the use of research tools and introduced different literature databases and library catalogues to the students.
After identifying and finding the literature, a class on scientific reading introduced students to the critical appraisal of scientific studies. Referring to the lecture on ethics in medical science and the lecture on epidemiology and study types in medicine, the basic structure of scientific publications was explained and key terms and concepts of medical studies such as blinding, randomisation and surrogate endpoints were introduced.
The introductory track was completed by a class on scientific presentation and a journal club. Students were introduced into the "dos and don'ts of scientific presentation", principles of visualisation and the structure of presentations. In the Journal Club students had the opportunity to read, reflect, present and discuss scientific pa-pers. These papers were preselected by the lecturers, with the premise to meet the level and interest of first term students. Main objective of this exercise was to apply the knowledge gathered in class and lectures and to outline the main characteristics and contents of the papers as well as discussing strengths and limitations of the studies.
Evaluation of the Introductory Track
An online evaluation was introduced at the end of each track. Each student had to pass the online evaluation process in order to get access to the results of the final exam. Thereby, a high return rate was achieved. The online evaluation assessed among others the satisfaction of students with lectures and classes specifically. General student satisfaction with motivation of the tutors, satisfaction with tuition in the track, the perception of recurrent themes in lectures and classes and the introduction into basic principles of science were assessed as well. A total of 1375 students participated in the online evaluation process (winter terms 2012 N = 370, 2013 N = 366, 2014 N = 259, 2015 N = 380) . Due to a technical problem of the online evaluation system, in 2014/15 only 259 students were able to take part in the evaluation process. Response rates varied between 97% and 93% with the exception of 2014/15 where response rate reached only 66%.
Results of the quantitative evaluation by the students showed high overall satisfaction ( Table 3 ). Using a 6-point Likert-scale with higher values indicating higher satisfaction, mean satisfaction was 4.32 in 2012 and since then slightly rose to 4.59 in 2013 and 2014. When looking only at those students that agree with the respective items (i.e. rating it with 4 or higher), about 78 percent of the students were satisfied with the introductory track in 2012. In 2015 this rate was at 84 percent. Strongest agreement of the students was found for the item assessing lecturers' motivation: in 2012 the mean was 5.04 and in 2015 it slightly decreased to 4.98. Students also mostly agreed with the statement that the track was a good introduction into the basic principles of science (M = 4.47 in 2012, M = 4.65 in 2015 respectively). Overall, the results indicate a slightly increasing student satisfaction with the introductory track, as most items show higher rates over time between the winter terms 2012 and 2015.
Meetings of all participating tutors and lecturers are held on a regulatory basis, at the beginning and at the end of each introductory track. Within these recorded meetings participants were asked for their general perception and appraisal of the introductory course and their satisfaction with content and development of the classes and lectures. A post processing discussion of all lecturers indicated that they generally were satisfied with the contents and the course of the introductory track. Especially the close relationship to the student cohort, which was built within these two weeks, was viewed as helpful. The working atmosphere was regarded as good and stimulating. Now four years after the implementation of the newly developed track, all lecturers report confidence in handling and teaching the contents. So far, there have been only few replacements of lecturers who were unable Table 3 . Means and standard deviation (SD) for selected items of student evaluation and rate of approval from four student cohorts (winter terms of 2012, 2013, 2014 and 2015) ; answers range from 1 "I totally disagree" to 6 "I totally agree". to continue their teaching in the track, mostly due to organizational constraints.
Discussion
Implementation of an introductory track into the basic principles of science is intended to be the first step in preparing the students for their final thesis after the 10 th term and in furthering their knowledge on scientific skills. The longitudinal design of the newly developed curriculum enables all forthcoming scientific modules to recourse on the contents of the introductory track and thereby using these contents as a standard. Among others, the critical appraisal of studies and manuscripts, the presentation of scientific results and the writing of scientific papers will be part of forthcoming modules. This should allow a stronger consolidation of the knowledge gathered on scientific skills in the long-run, as it will be constantly repeated and intensified in the later course of studies, thereby enabling the transfer of knowledge gathered into different contexts (see also Norman, 2009 ). In how far knowledge can be retained on a long-run and transferred into different context (for example in following compulsory tracks, writing of final exams or medical dissertations) should be the goal of a longitudinal evaluation accompanying the students until the end of their studies.
The experiences described show that this introductory track can be a promising way to integrate basic principles of science into the medical curriculum (see also German Council of Science and Humanities, 2014). There were several factors we consider facilitating in terms of the successful implementation. 1) It was important that colleagues from different disciplines participated in the development and implementation process and that the track was considered a joint project. Regular meetings with all participating colleagues were held. This approach intensified cooperation between disciplines in the medical faculty by reaching an agreement on relevant basic principles of science in medicine. In the course of the development process different opinions on these principles were harmonized. Decisions on changes regarding the content of the introductory track were made together with all lecturers. For example, in the course of the first introductory track it became clear that most of the students were readily prepared regarding their abilities to hold presentations. Therefore, the respective class was shortened and revised. Similar is true for the journal club, which was established by the winter term 2013 in the course of active interaction of the lecturers in the track and has now been successfully repeated. There are still meetings of all lecturers and experts involved in the track on regular basis, in order to update and modify content if necessary. 2) Our experience indicates that a certain standardisation set by the presentations and lectures prepared by experts in the field and a specific training of the lecturers contributed to the successful implementation. All new lecturers participated in a one-day workshop, in which learning objectives were explained and relevant materials presented. Thereby it was assured that all testable content was taught in all study groups independent of the lecturer. Moreover, preparation time for lecturers was limited by providing all necessary materials for the classes on a web-based platform for educaters and learners (moodle), which contributed to a high overall satisfaction of lecturers with the track. 3) In our view, it was essential for the success of the track to implement it at an early stage of the medical curriculum as this helps sensitising students for the basic principles of science and allows the recapitulation and a consolidation of the principles in different contexts in the later course of studies.
Conclusion
The introductory track into the basic principles of science was established in the winter term of 2012 at the University Medical Center Hamburg, Germany. High overall satisfaction of the students is an indicator for a successful implementation of the introductory track into the medical curriculum. As most students in medicine seem to be rather interested in hands-on medicine, such a high satisfaction with the introduction into basic principles of science is not expected. Student satisfaction showed a slight increase over time: most items were rated higher in the winter term of 2015 than in 2012. This could be explained by the fact that tutors were more familiar with the contents and the structure of the introductory track than in the first year. Moreover, contents and presentations applied in the first year of the introductory track were revised to enhance understanding.
All further information beyond those given in the present article, especially on the details of the timetable and the content of the classes and lectures can be made accessible by the authors on demand.
